Hedgehog signaling regulates imaginal cell differentiation in a basally branching holometabolous insect.
The evolution of imaginal cells, or stem cell-like cells, contributed to the spectacular diversification of holometabolous insects, which undergo complete metamorphosis. The proliferation and differentiation of these imaginal cells is under the control of juvenile hormone (JH), but which patterning genes respond to JH is currently unknown. Here, the role of Hedgehog (Hh) signaling in the development of imaginal cells was investigated. RNA interference-mediated knockdown of the components of the Hh signaling pathway showed that Hh is required for the proliferation of polymorphic and imaginal cells in Tribolium castaneum. Hh was also necessary for the regeneration of larval appendages. In contrast, knockdown of Hh signaling antagonists, patched and costal 2 led to the overgrowth and precocious maturation of structures derived from imaginal cells and the occasional appearance of ectopic appendages from the head epidermis. In addition, JH suppressed the expression of hh both in vivo and in vitro. Our findings suggest that imaginal cells are created and maintained by modulating Hh signaling. Thus, Hh signaling may have played a critical role during the evolution of complete metamorphosis.